Nodular thickening of the atrio-ventricular valves may be conspicuous in the hearts of the elderly. Usually described as senile sclerosis, it is assumed to be an involutional or degenerative process associated with advanced age. The difficulty of distinguishing such changes from the results of other pathological conditions which may have been present earlier in life is well recognized (Gould, 1960) , and some workers attribute these changes to processes other than simple ageing. Robbins (1962) included senile sclerosis as a facet of arteriosclerotic heart disease; Rezek and Millard (1963) considered it was due to previous non-specific endocarditis; and Angrist (1964) thought both these processes played a part. In the present study, necropsy material from 815 patients was examined in an attempt to evaluate the possible roles of inflammation, ageing, atheroma, hypertension, and cardiac hypertrophy in the pathogenesis of nodular sclerosis.
SUBJECTS AND METHODS
Over a period of 2j years the hearts of all patients over 10 years coming to necropsy in this hospital were examined in detail before fixation. Particular attention was paid to the site, degree and nature of valvular thickening, lipoid infiltrations, scarring, and calcification. Hearts with other macroscopical pathology of the atrio-ventricular valves were excluded from the present study.
Thickening of the atrio-ventricular valves was graded as absent, slight, moderate, or marked ( Fig. 1) , by inspection and palpation; and lipoid deposition (atheromatosis) in the anterior cusp of the mitral valve similarly was graded visually. All 
815
The hearts from all patients under 30 or over 80 years were fixed in formol-saline, together with representative samples of each intermediate age-group, and material was selected for microscopy after 5-15 days of formalin fixation. This included at least one block through each cusp of the atrio-ventricular valves, with adjacent tissues. Sections were stained with hematoxylin and eosin, and Weigert's elastic-van Gieson method. Heart weight, estimations of the degree of coronary and aortic atheroma, and details of pathological findings in other systems were obtained as part of the normal necropsy routine, and clinical data were abstracted from case notes. All observations and information were recorded on a punch-card system.
RESULTS
There were 815 hearts which were suitable for inclusion in this study. The age and sex distribution is shown in Table I . Pathology. All adult mitral valves showed at least a slight degree of nodular thickening of the anterior cusp. The earliest lesion consisted of localized plaques on the atrial surface, over the insertions of the chordae tendinee. With increasing severity these plaques increased in thickness and area, eventually coalescing (Fig. 1 ), but remained confined to the zone of apposition of the cusp. The tricuspid valve was uniformly thin and translucent ( Fig. 1) Normal Ageing Changes. From the above results it is possible to define a standard for the normal appearances of the atrio-ventricular valves in the aged. Gavey's (1949) criteria for normal heart valves in any age-group as "the least degree of change observed in that group" has been applied. (Table II) . This difference was not statistically significant, however, confirming the impression obtained from observations on individual patients (e.g. Fig. 1 top) , that systemic hypertension did not influence the degree of mitral sclerosis.
As the intensity of the first heart sound is an indication of the force with which the atrio-ventricular cusps appose (Wood, 1962) (Table IV) . This was no longer apparent when the cases of chronic pulmonary disease were excluded, and it therefore appeared likely that the degree of mitral thickening, as well as tricuspid thickening, might be related to pulmonary disease. Comparison of mitral valve changes in After standardization for age and sex x2 = 7-74 and p remains < 0-02 patients with and without chronic pulmonary disease confirmed this (Table V) , and the correlation remained statistically significant after standardization for age and sex.
Relation of Nodular Thickening to Heart Size. The possibility that the severity of valvular thickening was merely an expression of generalized cardiac hypertrophy or atrophy from any cause was examined. There was no difference in the incidence of each degree of nodular thickening in hearts weighing under 300 g. (Table VI) , but a considerable excess of cases with moderate and marked mitral thickening in those over 450 g. (Table VII) . However, after standardization for age and sex, this correlation was not significant.
Relation of Nodular Thickening to Atheroma. The blood vessels of the atrio-ventricular valves arise from the coronary arteries (Clarke, 1965) , and if nodular sclerosis is a manifestation of athero- (Table X) .
Patients with marked mitral nodular sclerosis also had an increased incidence of marked mitral atheromatosis, and this was statistically significant after standardization for age and sex. Although post-inflammatory deformities are more common on the left side (Lepeschkin, 1952) , like nodular sclerosis, and the localization of endocarditis on the line of valve closure is also determined by heemodynamic factors (Rodbard, 1963; Lepeschkin, 1952) , there was no histological evidence of previous endocarditis in the plaques of nodular sclerosis. These appeared to be a proliferative thickening localized to the atrialis, the anatomical layers remained distinct, and there was no associated vascularization or inflammatory cell infiltration. They did not contain lipoid or show calcification, as would be expected in atherosclerotic lesions, and were not related to coronary atherosclerosis. Since the impact on closing is sufficiently forceful to be audible as the first heart sound (Dock, 1945) , the histological demonstration of localized damage to elastica (Fig. 2) at sites of greatest tension (i.e. over the chordx tendinese insertions) is not surprising. McMillan and Lev (1964) thought that the plaques were due to tensing of the chordse resulting in elastic proliferation opposite their insertions, but elastic proliferation was not a striking finding in the present series. The author considers that these plaques are a response to repeated trauma, analogous to cutaneous callus formation.
The observations on changes in nodular sclerosis with age indicate that "senile sclerosis" is a misleading term since the abnormal degree of thickening generally implied by this description is as likely to be found in a middle-aged patient as in a senile one, and the slight degree of nodularity which is normal in the aged was also present in all patients over 20 years. If involutionary changes are responsible for excessive nodular thickening, this condition should continue to develop in the elderly at least at the same rate as in middle age, and the finding that very little progressive increase in severity occurred in the older groups therefore indicates that senility is not responsible for " senile" valvular sclerosis.
The pathogenesis of excessive nodular thickening is not clear. It is possible that the increase throughout middle age is the result of cumulative mechanical stress, and the lack of further development in old age is due to the chemical changes in valve collagen which occur in the elderly (Verzar and Thoenen 1960; Angrist, 1964) . However, the wide range in degrees of thickening between people of the same age-group indicates that individually variable factors must be concerned. A similar unexplained variability has been noted in monkeys (Lapin and Yakovleva, 1963) . The importance of genetic factors in determining life span and cardiovascular disease is well known, and the reactivity of the valve endocardium may also be genetically determined. It was not possible to test this hypothesis in the present investigation.
The changes in degree of nodular thickening with age in men parallels the changes in blood pressure observed by Master, Lasser, and Jaffe (1958) , and the differences between the valves of each side of the heart, also observed by previous workers (Robbins, 1962; McMillan and Lev, 1964) , suggested that blood pressure might influence the degree of thickening. The increased incidence of tricuspid thickening in patients dying with chronic chest disease indicated that this was likely to be so in the pulmonary circulation, and similar tricuspid changes noted by Dmitrieva (1961) in patients with rheumatic mitral stenosis or pulmonary fibrosis and emphysema, are confirmatory findings.
There was, however, no correlation between systemic hypertension and the degree of mitral thickening, and increased closing force of the mitral valve also appeared unrelated to increased thickening, though there were too few examples of diseases associated with accentuated first heart sounds for reliable assessment. Anamia and pyrexia were common but their duration was insufficient to produce valve sclerosis. Cumulative effects from the altered heemodynamics of pregnancy might have accounted for the lack of correlation between age and degree of thickening found only in mitral valves in women, but multiparity was not associated with increased thickening. The possibility that increased valvular sclerosis was a facet of generalized cardiac hypertrophy was also considered, but no association with heart size was found. Most of the hearts over 450 g. were from hypertensive or ischtemic heart disease cases, and this finding was, therefore, additional evidence against hypertension and arteriosclerosis as factors responsible for excessive nodular thickening.
As well as the absence of any quantitative or histological evidence for Robbins ' (1962) view, an atherosclerotic pathogenesis for sclerosis of atrioventricular valves seems unlikely on anatomical grounds, as the relevant part of the valve is avascular (Clarke, 1965) . Lipoid deposition does occur in the anterior cusp of the mitral valve but proximally ( Fig. 1 ) and on the ventricular surface. Although there was a significant correlation between the severity of this condition and mitral valve thickening, it is difficult to envisage a causative relation. Since normal degrees of both conditions appear to be due to the same hmmodynamic factors (Pomerance, 1966 (Pomerance, , 1967 , it is more probable that any factor increasing their severity acts at both sites.
The correlation between mitral and tricuspid nodular thickening and pulmonary disease suggests that this factor may be hypoxia. Severe pulmonary disease increases the work of both ventricles (Altschule, 1962) and changes in the left side of the heart are, therefore, not as unexpected as might at first appear. This increased work is determined by hypoxia (Mack and Snider, 1956) , and while genetic variation in endothelial reactivity cannot be excluded, hypoxia affecting collagen formation is a more probable mechanism. There is experimental support for this hypothesis in the nodular thickenings induced in rat heart valves by anoxia (Dalton et al., 1945; Highman and Altland, 1949) . These lesions occurred in the distal part of the valve, were most conspicuous in the mitral valves, and resembled those of human nodular sclerosis, and it is therefore likely that the pathogenesis is also the same in both species.
SUMMARY
The pathology and pathogenesis of nodular "senile" sclerosis of the atrio-ventricular valves has been studied.
At least a slight nodularity was found at the line of closure of all adult mitral valves. The degree of thickening increased throughout middle age in both atrio-ventricular valves, but showed little further progression in the elderly. It differed widely between people of the same age-group, and the normal appearances, even over 85 years, consisted of slight nodular thickening of the mitral valve only. The location and histology of the thickened foci indicated that they were a response to repeated impact, analogous to cutaneous callus formation. There was no associated endocarditis or atherosclerosis.
Excessive nodular thickening was not related to senility, systemic hypertension, cardiac hypertrophy, or multiparity, but chronic pulmonary disease was associated with a significantly increased degree of thickening in both atrio-ventricular valves.
Abnormal degrees of nodular thickening appear to result from an abnormal response of valvular endothelium. Although genetic factors cannot be excluded, it is suggested that in man, as in rats, hypoxia is important in the pathogenesis of nodular sclerosis of the atrio-ventricular valves. 
